Laboratory samples, such as this 2,400-pound (1, 100 kilogram) granite block containing a 6-foot (2 meter)-long fault surface, are instrumented with sensors to study how earthquakes start and stop. The steel loading frame (blue) is used to force the diagonal fault surface to slide against a matching block (removed here for sensor installation). By obtaining precise information on how
The process of strain accumulation and release that leads to major earthquakes typically takes hundreds of years or more, making it difficult to study the full cycle in detail. However, the earthquake cycle can be simulated both on a smaller scale and within a shorter time frame in the laboratory to determine the processes leading up to and controlling sudden slip. This "stick-slip" behavior is the laboratory equivalent of an earthquake. (kilometers) below the surface. These measurements include the strength and frictional behavior of fault-zone materials, the velocity of seismic waves passing through different rock types, the patterns of microseismicity (indicating small points of failure within a rock) that are observed as rocks are stressed, and the role of water and other fluids as they dissolve and precipitate minerals within fault zones. Currently, the USGS plays an active role in scientific fault-zone-drilling projects around the world, including in Japan, Taiwan, and California. For example, the San Andreas Fault Observatory at Depth (SAFOD), a National Science Foundation (NSF)-funded project near Parkfield, California, will penetrate the San Andreas Fault at a depth of 2 miles (3 kilometers), targeting a region where earthquakes occur at regular intervals. Valuable firsthand information about deep-fault-zone properties of this major fault will come from laboratory analysis of the retrieved core samples.
years of science for America
Laboratory studies have made many significant contributions to our understanding of earthquake physics. For example, the "Coulomb failure criterion" provides an important method for predicting whether the stress changes caused by an earthquake will promote the occurrence of new earthquakes on neighboring faults. Laboratory studies of "effective pressure" have shown how increasing pore-fluid pressure can unclamp a fault and induce earthquakes as effectively as raising the applied stresses. Byerlee's law, which states that the range in frictional strength of faults is relatively narrow and independent of rock type, is used to estimate failure stresses in the Earth's crust under different loading conditions and porefluid pressures. Laboratory-based "stress corrosion" and "rate and state dependent" models provide a theoretical framework for describing the nucleation process, in which a fault will first move by slow but accelerating creep, ultimately leading to the main dynamic earthquake rupture.
Together, the broad array of laboratory measurements in the USGS rock-physics laboratories improve scientific understanding of the complex dynamic processes that determine the timing and magnitude of earthquakes. These measurements yield the critical information needed for improving the accuracy and predictive power of computer models of earthquakes and fault systems. 
